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[57] ABSTRACT 

A method. system and program for supporting a dynamic 
bind between a derived class and its parent class. A proces 
sor provides for the registration of class objects and dynamic 
binding of derived class objects to their parent class objects 
based on the registration mechanism. The SOM object 
model removes static references to class objects by having 
all the parent class information available at runtime through 
the parent class object. Thus. when the derived class imple 
mentation needs information about the size of the parent 
class state data structure, the addresses of the parent class 
method procedures, or access to the parent class method 
procedure table the appropriate information is retrieved from 
the parent class object. 
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PARENT CLASS SHADOWING 

This application is a continuation of application Ser. No. 
08/299,233 ?led Aug. 31. 1994 now US. Pat. No. 5,418. 
964. 

FIELD OF THE INVENTION 

This invention generally relates to improvements in object 
oriented applications and mope particularly to allowing 
runtime changes to a class hierarchy even when the class 
implementations involved were created assuming a static 
hierarchy. 

BACKGROUND OF THE INVENTION 
Among developers of workstation software. object 

oriented programming (or OOP) is increasingly recognized 
as an important new programming technology. It offers 
expanded opportunities for software reuse and extensibility, 
with improved programmer productivity when compared to 
conventional software development paradigms. Even 
object-oriented technology has not e?’ectively penetrated 
major commercial software products to date. In particular, 
operating-systems have hesitated to embrace the new tech 
nology. 
As with many new programming technologies. the early 

expressions of OOP concepts focused on the creation of new 
languages and toolkits. each designed to exploit some par 
ticular aspect. So-called pure object-oriented languages, 
such as Smalltalk. presume a complete run-time environ 
ment (sometimes known as a virtual machine) because their 
semantics represent a major departure from traditional pro 
cedurally oriented system architectures. Hybrid languages 
such as C-t+. on the other hand, require less run-time support 
but sometimes result in tight bindings between programs 
that provide objects and the client programs that use them. 
Tight binding between object-providing programs and their 
clients often require client programs to be recompiled when 
ever simple changes are made in the providing programs. 
Examples of such systems are found in US. Pat. Nos. 
4.885.717; 4.953.080 and 4.989.132. 

Because di?erent languages and object~oriented toolkits 
emphasize diiferent aspects of OOP. the utility of the result 
ing software is frequently limited in scope. A C-H 
programmer. for example. cannot easily use objects devel 
oped in Smalltalk, nor can a Smalltalk programmer make 
eifective use of GH objects. Objects and classes imple 
mented in one language simply cannot be readily used from 
another. Unfortunately when this occurs one of the major 
bene?ts of OOP. the increased reuse of code. is severely 
curtailed. Object-oriented language and toolkit boundaries 
become. in etfect. barriers to interoperability. 

In object oriented programming programs are organized 
into object de?nitions called classes. Most of these classes 
are derived classes meaning that they get part of their 
speci?cation and implementation from another class called 
their parent class in order to derive speci?cation and imple 
mentation from a parent class the derived class must refer 
ence the parent class in its implementation in addition. the 
supporting class data structures such as method tables must 
be built from the implementations of both the derived and 
the parent class. In the prior art this has resulting in static 
references between the derived class binary image and the 
parent class binary image. These static references meant that 
an application using the derived class could not substitute an 
alternate parent class for the one referenced by the derived 
class during the application's execution. This has resulted in 
a lack of ?exibility and has limited the reusability of the 
derived class. 
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2 
SUMMARY OF THE INVENTION 

Accordingly, it is a primary objective of the present 
invention to introduce a dynamic mechanism to support the 
binding between a derived class and its parent class. 

These and other objectives of the present invention are 
accomplished by the operation of an algorithm in the 
memory of a processor that provides for the registration of 
class objects and dynamic binding of derived class objects to 
their parent class objects based on the registration mecha 
nism. The System Object Model (SOM) removes static 
references to class objects by having all the parent class 
information available at runtime through the parent class 
object. Thus. when the derived class implementation needs 
information about the size of the parent class state data 
structure. the addresses of the parent class method 
procedures. or access to the parent class method procedure 
table the appropriate information is retrieved from the parent 
class object. 
The derived class must establish a connection to its parent 

class object. In support. SOM introduces a class manager for 
every SOM process. The class manager is responsible for 
keeping a registry of classes. The class construction code 
generated by the SOM compiler works with the class 
manager to establish the relationship between a class and its 
parent class whenever a child class object is created. The 
SOM class manager is an instance of a class which can be 
subclassed like any other SOM class. It also has a special 
provision including a method which permits an instance of 
one of its subclasses to completely subsume its default class 
management. Hence. a compiled software environment that 
requires the ability to “reparent” a class can achieve this by 
subclassing the SOM class manager substituting a new class 
managed instance. and enforcing new rules for locating 
classes and resolving relationships between them. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a personal computer system 
in accordance with the subject invention; 

FIG. 2 is drawing of a SOM data structure in accordance 
with the subject invention; 

FIG. 3 is a drawing of a SOM class data structure in 
accordance with the subject invention; 

FIG. 4 is a ?owchart depicting a language neutral object 
interface in accordance with the subject invention; 

FIG. 5 is a ?owchart depicting a link, load and execution 
of an application using SOM objects in accordance with the 
subject invention; 

FIG. 6 is a ?owchart depicting the creation of a new SOM 
class in accordance with the subject invention; 

FIG. 7 is a ?owchart depicting the detailed construction of 
a new SOM class in accordance with the subject invention; 

FIG. 8 is a ?owchart depicting the detailed construction of 
a new SOM generic class object in accordance with the 
subject invention; 

FIG. 9 is a ?owchart depicting the detailed initialization 
of a new SOM class object in accordance with the subject 
invention; 

FIG. 10 is a ?owchart depicting the detailed initialization 
of a SOM class data structure with offset values in accor 
dance with the subject invention; 

FIG. 11 is a ?owchart depicting the detailed parent class 
shadowing of a statically de?ned class hierarchies in accor 
dance with the subject invention; 

FIG. 12 is a ?ow diagram depicting the redispatch method 
in accordance with the subject invention; 
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FIG. 13 is a ?owchart depicting the detailed initialization 
of the offset value in a SOM class data structure for a single 
public instance variable in accordance with the subject 
invention; 

FIG. 14 is a ?owchart depicting the detailed control ?ow 
that occurs then a redispatch stub is employed to convert a 
static method call into a dynamic method call in accordance 
with the subject invention; and 

FIG. 15 is a ?owchart depicting the detailed control ?ow 
that initialize a method procedure table for a class in 
accordance with the subject invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention is preferably practiced in the context of an 
operating system resident on an IBM PS/2 computer avail 
able from IBM Corporation. A representative hardware 
environment is depicted in FIG. 1. which illustrates a typical 
hardware con?guration of a workstation in accordance with 
the subject invention having a central processing unit 10. 
such as a conventional microprocessor. and a number of 
other units interconnected via a system bus 12. The work 
station shown in FIG. 1 includes a Random Access Memory 
(RAM) 14. Read Only Memory (ROM) 16. an I/O adapter 
18 for connecting peripheral devices such as disk units 20 to 
the bus. a user interface adapter 22 for connecting a key 
board 24. a mouse 26. a speaker 28. a microphone 32. and/or 
other user interface devices such as a touch screen device 
(not shown) to the bus. a communication adapter 34 for 
connecting the workstation to a data processing network and 
a display adapter 36 for connecting the bus to a display 
device 38. The workstation has resident thereon the 08/2 
base operating system and the computer software making up 
this invention which is included as a toolkit. 

Object-Oriented Programming is quicldy establishing 
itself as an important methodology in developing high 
quality. reusable code. The invention includes a new system 
for developing class libraries and Object-Oriented programs. 
This system is called the System Object Model (SOM). A 
detailed description of object oriented programming. SOM. 
and a comparison to other object-oriented languages is 
provided to aid in understanding the invention. 

INTRODUCTION TO OBJECT-ORIENTED 
PROGRAMMING 

A new development in the software community is Object 
Oriented Programming. Object-Oriented Programming Lan 
guages (OOPL) are being used throughout the industry. 
Object-Oriented Databases (OODB) are starting widespread 
interest. even Object-Oriented Design and Analysis 
(OODA) tools are changing the way people design and 
model systems. 

Object-Oriented Programming is best understood in con 
trast to its close cousin. Structured Programming. Both 
attempt to deal with the same basic issue. managing the 
complexity of ever more complex software systems. Struc 
tured Programming models a system as a layered set of 
functional modules. These modules are built up in a pyramid 
like fashion. each layer representing a higher level view of 
the system. Structured Programming models the system's 
behavior. but gives little guidance to modeling the system’s 
information. 

Object-Oriented Programming models a system as a set of 
cooperating objects. Like Structured Programming. it tries to 
manage the behavioral complexity of a system. Object 
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4 
Oriented Programming. however. goes beyond Structured 
Programming in also trying to manage the informational 
complexity of a system. 

Because Object-Oriented Prograrmning models both the 
behavioral and informational complexity of a system. the 
system tends to be much better organized than if it was 
simply well “structured”. Because Object-Oriented systems 
are better organized. they are easier to understand. debug. 
maintain. and evolve. Well organized systems also lend 
themselves to code reuse. 

Object-Oriented Programming envisions the dual issues 
of managing informational and behavioral complexity as 
being closely related. Its basic unit of organization is the 
object. Objects have some associated data. which are 
referred to as an object’s state. and a set of operations. which 
are referred to as an object’s methods. A method is imple 
mented by a subroutine. A class is a general description of 
an object. which de?nes the data representative of an 
object's state. and the methods for supporting the object. 

OBJECT-ORIENTED PROGRAMMING IN C 

Before examining SOM. consider Object-Oriented Pro 
gramming in C; this will lead us naturally into the SOM 
philosophy. Consider a data structure de?nition containing 
information related to a generic stack. The data structure 
encompasses a series of functions designed to operate on a 
stack structure. Given a basic stack de?nition, multiple 
instances of this data structure may be declared within our 
program. 

A generic stack de?nition. in C. appears below: 

struct stack'l'ype { 
void *stackArray[S'IACK_SlE]; 
int stnel?‘op; 

typedef struct stack'l‘ype Stack; 
A de?nition of a generic stack function appears 
next: 

Stack ‘createo; /' malloc and a 
new stack. ‘I 

void ‘pop( l‘I Pop element off stick 
I'/ 

Stack 'thisStack); 
void push( 

Stack *thisStack. 
void ‘nextElemenO; 

/' Push onto stack. '/ 

Most C programmers can imagine how such functions 
would be written. The <push( )> function, for example, 
appears below. 

void push(Stack "thisStack, void *nextElement) 
{ 

thisStackqstackAmyhhisStaek-wtnck’l‘op] : 

ncxtElennnt; 
thisStack-mtack'l‘upH; 

} 

A client program might use this stack to. say. create a stack 
of words needing interpretation: 

mill) 

Stack "wordStack; 
char ‘subject = “Emily”; 
char *verb = "eats"; 
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-continued 

char ‘object : “ice cream"; 
char 'nextWord; 
wordStack = create(); 
push(wordStack, object); 
push(wordStaelg verb); 
pusMwordStack. subject); 
I“ . . . "I 

while (ncxtWord = pop(wordStack)) -[ 
printf(“%s\n”. nextword); 
/' . . . 'l 

This example can be used to review Object-Oriented 
Programming. A class is a de?nition of an object. The 
de?nition includes the data elements of the object and the 
methods it supports. A <stack> is an example of a class. A 
stack contains two data elements (<stackArray> and 
<stack'I‘op>). and supports three methods. <create( )>. 
<push( )>. and <pop( )>. A method is like a function. but is 
designed to operate on an object of a particular class. An 
object is a speci?c instance. or instantiation. of a class. The 
object <wordStack> is an object of class <Stack>. or <word 
Stack> is an instance of a stack. 

Every method requires a speci?c object on which it is to 
operate. This object is called a target object. or sometimes a 
receiving object. Notice that each method (except<create( 
)>) takes as its ?rst parameter a pointer to the target object. 
This is because a program may have many objects of a given 
class. and each are potential targets for a class method 

There are three important advantages of this type of 
organization. First. generic concepts are developed which 
can be reused in other situations in which similar concepts 
are appropriate. Second. self-contained code is developed. 
which can be fully tested before it is folded into our 
program. Third. encapsulated code is developed in which the 
internal details are hidden and of no interest to the client. A 
client <rnain( )> program need know nothing about the 
<Stack> class other than its name. the methods it supports. 
end the interfaces to these methods. 

COMPARISON TO GH 

Another bene?cial comparison is between SOM and the 
most widespread Object-Oriented programming language. 
C+t-. SOM has many similarities to CH. Both support class 
de?nitions. inheritance. end overridden methods (called 
virtual methods in C-H-). Both support the notion of encap 
sulation. But whereas C-H- is designed to support stand 
alone programrning elforts. SOM is focused on the support 
of commercial quality class libraries. Most of the diiferences 
between SOM and C~H- hinge on this issue. C-H- class 
libraries are version dependent. while SOM class libraries 
are version independent. When a new C-H- class library is 
released. client code has to be fully recompiled. even if the 
changes are unrelated to public interfaces. 

C-H- supports programming in only one language. C-H-. 
SOM is designed to support many languages. Rather than a 
language. SOM is a system for de?ning. manipulating. and 
releasing class libraries. SOM is used to de?ne classes and 
methods. but it is left up to the irnplementor to choose a 
language for implementing methods without having to learn 
a new language syntax. 

C-H-provides minimal support for implementation hiding. 
or encapsulation. C++ class de?nitions. which must be 
released to clients. typically include declarations for the 
private data and methods. In SOM. the client never has to 
focus on these implementation details. The client need see 
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only the <.sc> ?les. which contains only public information. 
CH- also provides a limited method resolution function. 
SOM o?’ers several alternatives. such as offset method 
resolution. name lockup resolution. and dispatch resolution. 
One other interesting difference between SOM and OH- is 

in its notion of class. In C—H-. the class declaration is very 
similar to a structure declaration. It is a compile-time 
package with no characteristics that have signi?cance at 
runtirne. In SOM. the class of an object is an object. The 
class object is itself an instantiation of another class. called 
the metaclass. The class object supports a host of useful 
methods which have no direct parallels in CH. such as 
<somGetName( )>. <somGetParent( )>. and 
<somFindMethod( )>. 

INTRODUCTION TO SOM 

OS/Z 2.0 includes a language-neutral Object-Oriented 
programming mechanism called SOM (for System Object 
Model). Although it is possible to write Object-Oriented 
programs in traditional languages. such as the stack 
example. SOM is speci?cally designed to support the new 
paradigm and to be used with both procedural (or non 
Object-Oriented) languages and Object-Oriented languages. 
An important requirement of Object-Oriented program 

ming is code reusability. Typically. code reusability is 
achieved through the use of class libraries. Today’s library 
technology is limited in that class libraries are always 
language speci?c. A C-H- library cannot be used by a 
Smalltalk programmer and a Smalltalk programmer cannot 
utilize a C++ library. Clearly it is necessary to create a 
language-neutral object model. which can be used to create 
class hbraries usable from any programming language. 
procedural or Object-Oriented. 
SOM introduces three important features lacking in most 

procedural languages. These are encapsulation. inheritance. 
and polymorphism (referred to here as “override 
resolution”). Inheritance refers to a technique of specifying 
the shape and behavior of a class (called a subclass) as 
incremental diiferences from another class (called the parent 
class or superclass). 

Encapsulation refers to hiding implementation details 
from clients. This protects clients from making changes in 
an implementation which could adversely alfect the system. 
For example. in the stack example there was no protection 
afforded to the C code. Although clients did not need to 
know the internal data structures of the stack. there was no 
way to prevent clients from looking at such implementation 
details. We could discourage. but not prevent. clients from 
writing code which used. and possibly corrupted. internal 
stack data elements. 

Inheritance. or class derivation. is a speci?c technique for 
developing new classes from existing classes. This capabil 
ity provides for the creation of new classes which are more 
specialized versions of existing classes. For example. we 
could create a <DebuggableStack>. which is like a <Stack> 
class. but supports further debugging methods. such as 
<peek( )> for looking at the top value and <dump( )> for 
printing a complete listing of the stack. 

Inheritance also provides code consolidation. So. for 
example. a class de?ning <GraduateStudent> and 
<UnderGraduateStudent>. can be consolidated into a third 
class. <Student>. We then de?ne <GraduateStudent> and 
<UnderGraduate> as more specialized classes. both derived 
from the common parent <Student>. 

Inheritance introduces some additional semantics. A spe 
cializcd class is said to be derived from a more generalized 
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class. The general class is called the parent class. or 
sometimes. the base class. The specialized class is called the 
child class. or sometimes. the derived class. A child class is 
said to inhmit the characteristics of its parent class. meaning 
that any methods de?ned for a parent are automatically 
de?ned for a child. ‘Thus. because <GraduateStudent> and 
<UnderGraduateStudent> are both derived from <Student>. 
they both automatically acquire any methods declared in 
their common parent. 

Override resolution refers to invoked methods being 
resolved based not only on the name of the method, but also 
on a class place within a class hierarchy. This allows us to 
rede?ne methods as we derive classes. He might de?ne a 
<printStudentInfo( )> method for <Student> and then 
override. or rede?ne. the method in both 
<UnderGraduateStudent>. and <GraduateStudent>. Over 
ride resolution resolves based on the type of the target 
object. If the target object type is a <Student>. the <Student> 
version of <printStudentInf0( )> is invoked. If the target 
object type is a <GraduateStudent>. the <GraduateStudent> 
version of <printStudentInfo( )> is invoked. 

DEFINING CLASSES IN SOM 

The process of creating class libraries in SOM is a three 
step process. The class designer de?nes the class interface. 
implements the class methods. and ?nally loads the resulting 
object code into a class library. Clients either use these 
classes directly. make modi?cations to suit their speci?c 
purposes. or add entirely new classes of their own. 

In SOM. a class is derided by creating a class de?nition 
?le. The class de?nition ?le is named with an extension of 
“csc”. In its most basic form. the class de?nition ?le is 
divided into the following sections: 
1. Include section 
This section declares ?les which need to be included. 

much like the C <#include> directive. 
2. Class name and options 

This section de?nes the name of the class and declares 
various options. 
3. Parent information 

This de?nes the parent. or base. class for this class. All 
classes must have a parent. If a class is not derived from any 
existing classes. then it's parent will be the SOM de?ned 
class <SOMObject>. the class information of which is in the 
?le <somobj.sc>. 
4. Data Section 

This section declares any data elements contained by 
objects of this class. By default. data can be accessed only 
by methods of the class. 
5. Methods Section 

This section declares methods to which objects of this 
class can respond. By default. all methods declared in this 
section are available to any class client. The class de?nition 
?le. <student.csc>. describes a non-derived <Student> class. 
and is set forth below. 

Class De?nition File: <student.csc> 
include <somobj.sc> 
class: 

Student; 
parent: 

SoMObject; 
data: 

char namerl32]; 
methods: 

I‘ studentid'l 
I‘ smdentname ‘I 
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-continued 

void setUpStudenKchar "id, char ‘name); 
-- sets up a new student. 

void printsmdentln?ao; 
- - - prints the student information. 

- - - returns the student type. 

char *getStudentIdQ; 
- - - returns the student id 

How to Write a Method 

Class methods are implemented in the class method 
implementation ?le. Each method de?ned in the method 
section of the class de?nition ?le needs to be implemented. 
They can be implemented in any language that offers SOM 
support. C is used for an exemplary language throughout the 
speci?cation. However. one of ordinary skill in the art will 
realize that any programming language can be substituted. 
The student class method implementation ?le. <student.c>. 
is set forth below. 

Class Method Implennntation File: <student.c> 
‘de?ne Student_Clasa_Souroe. 
‘include “studentjh” 
static void setUpStudent( 

Student "somSelf, char *id, char *name) 

StudentData *som'lhis = 

StudcntGetDala (somSelt); 
myLid. id); 
strcpy(_name, name); 

} 
static void printStudentInfo(Student *somSelf) 

StudentData 'som'l‘his = 

ShidentGetDat?somSelf); 
print?“ Id : %s \n", __id); 
printf(“ Name : ‘ks \n", Jame); 
print?“ Type I “75 \nnv 

Ygetstltdent'l‘ype somSelD); 
static char 1'getStuclent'I‘ype(Student *somSelf) 
{ 

StudentData *somThis = 
StnientGetDatqsomSelt‘); 

static char ‘type = “student”; 
mm (W); 

} 
statk: char *getStudentI?Student *somSelf) 
{ 

StudentData "som'Ihis = 

StudenlGetDat?somSeli); 
mm (_id); 

Notice that the method code appears similar to standard C. 
First. each method takes. as its ?rst parameter. a pointer 
(<somSelf>) to the target object. This parameter is implicit 
in the class de?nition ?le. but is made explicit in the method 
implementation. Second. each method starts with a line 
setting an internal variable named <somThis>. which is used 
by macros de?ned within the SOM header ?le. Third. names 
of data elements of the target object are preceded by an 
underscore character “_”. The underscored name represents 
a C language macro de?ned in the class header ?le. Fourth. 
methods are invoked by placing an undm'score “13 ” in front 
of the method name. This underscored name represents a 
macro for message resolution and shields a programmer 
from having to understand the details of this process. 
The ?rst parameter of every method is always a pointer to 

the target object. This is illustrated below in the method 
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<pn'ntStudentInfo( )> which invokes the method 
<getStudentType( )> on its target object. 

10 
The class de?nition ?le for <GraduateStudent>_ 

<graduate.csc>, is set forth below. 

SOM compiler generated <student.c> 
#de?ne Student_Class_Source 
#include “studenrih” 
static void setUpSmdent( 

Student *somSelf; char I"id, char *name) 

StudentData 'somThis = 

SmdentGetData(s0mSelf); 
} 
static void printStudentlnfo(Student ‘somSel? 
{ 

StudentData *somThis = 

StudentGetData(somSelt); 
} 
/‘...andsoonfor?1eothermethods.*l 

MECHANICS OF USING SOM 

There are a set of ?les involved with each class which are 
discussed below. The ?les have dilferent extensions, but all 
have the same ?lename as the class de?nition ?le, <Student> 
in our example. These ?les are described below. 

Student Class Files 

<student.csc> —This is the class de?nition ?le, as 
described earlier. 

<student.sc> —This Is a subset of the class de?nition ?le. 
It includes all information from the <.csc> ?le which is 
public, including comments on public elements. For the 
student example. <student.sc> would include everything 
from <student.csc> except the data section. This ?le is 
created by the SOM compiler. 

<student.h> —This is a valid C header ?le which contains 
macros necessary to invoke public methods and access 
public data elements of the class. This ?le will be included 
in any client of the class. and is created by the SOM 
compiler. <student.ih> —Similar to <student h>. but it 
contains additional information needed for implementing 
methods. This is the implementor’s version of the <.h> ?le, 
and must be included in the class methods implementation 
?le. This ?le is created by the SOM compiler and should not 
be edited. 

<student.c> —Contains the method implementations. Ini 
tially created by the SOM compiler and then updated by the 
class implementor. 

BUILDING SOM CLASSES FROM OI‘ HER 
CLASSES 

There are two ways to use classes as building blocks for 
other classes. These are derivation (or inheritance) and 
construction. 
DERIVATION 

In this example. <GraduateStudent> is derived from 
<Student>. its base. or parent class. A derived class auto 
matically picks up all of the characteristics of the base class. 
A derived class can add new functionality through the 
de?nition and implementation of new methods. A derived 
class can also rede?ne methods of its base class, a process 
called overriding. For example <GraduateStudent> adds 
<setUpGranduateStudent( )> to those methods it inherits 
from <Student>. It overrides two other inherited methods. 
<printStudentInfo( )> and <getStudent’I‘ype( )>. It inherits 
without change <setUpStudent( )> and <getStudentId( )> 
from the <Student> base class. 
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Class De?nition File: 
include <student.sc> 
class: 

GraduateSmdem; 
parent: 

Student; 
data: 

char thesis[128]; 
char degree[l6]; 

*/ 

<graduate.csc> 

I“ thesis title I'/ 
I“ graduate degree type 

methods: 
override printStudentTnfo; 
override getSmdenfIype; 
void setUpGramateStudenK 

char ‘id, char l?lame) char ‘thesis, char 
Wane): 

The method implementation ?le, <graduate.c>, is shown 
below. 

Class Method Implementation File: <graduate.c> 
#de?ne GmduateStudenLClass_Source 
#include “graduate.ih" 
static void printStudentInfo(GraduateStudent 
‘somSelQ 

GnrhrateStmientData ‘somThis = 

GraduateStudemGetData(somSe1t); 
parenLprintStudentlnfo(somSelQ; 
printf(“ Thesis : %s \n", _thesis); 
printf(“ Degree : ‘ks \n”, _degree); 

} 
static char 'getStudent'Iype(GraduateStudent 
'somSelf) 

static char "type : "Graduate"; 
mm (W); 

l 
static void setUpGraduateStudenK 

GraduateSnxient ‘somS-elf, char "‘id, char 
"name, 

char "‘thesis, char "degree) 
{ 

GraduateSmdentData 'somThis = 

GraduateStmientGetDaMsomSeli); 
.JetUpStudenKsomSel?idmame); 
mpy(_th=sis. thesis); 

imvyLdesm. decree); 

Often an overridden method will need to invoke the 
original method of its parent. For example, the 
<printStudentInfo( )> for <GraduateStudent> ?rst invokes 
the <Student> version of <printStudentInfo( )> before print 
ing out the <GraduateStudent> speci?c information. The 
syntax for this is “<parent13 MethodName>”. as can be seen 
in the <printStudentInfo( )> method. 
A given base class can be used for more than one 

derivation. The class, <UnderGraduateStudent>. is also 
derived from <Student>. The class de?nition ?le, 
<undgrad.csc>. is set forth below. 

Class De?nition File: <tmdgrad.csc> 
include <student.sc> 
class: 

UnderGraduateStudent; 
parent: 

Student; 
data: 

char datello]; I" graduation date ‘I 
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-continued -cont:inued 

methods: void printcoumelufq); 

override printStudentInfo; - - - prints course override getSmdent’I‘ype; 

void aetUpUndaGraduateStudent 5 
char "id, char *name, char 'date); 

The method implementation ?le. <undgrad.c>, is set forth 
below. 

Class Method Implementation File: <‘undgrad.c> 
#de?ne Under-Graduate Student_Class_Source 
#inelude “midgradih” 
static void priutStudentlnfo( 

UmkrGi-aduateSmdent *somSelf) 

UmierGraduateSttxientData "somThis = 

Unde?aduateStlxiemGetDatdsomScll); 
parent_printStudentInfo(somSel?; 
printf(“ Grad Dale : %s \n", ___date); 

} 
static char *getStudent’Iype?JnderGraduateStudeut 
'somSelt) 

static char "type = “Umle?h'aduate"; 

} mun-110m»); 

static void setUpUnderGracbiateStudenK 
UnderGraduateStudent 'somSelf,char ‘id, char 

‘name, char ‘dat1e) 

UnderGraduateSmdentData *som’l‘his = 
UnderGraduateSmdentGetDatqsomSelf); 

__setUpStudent(somSe1f,id.name); 
Wye-date. date): 

} 

The second technique for building classes is construction. 
Construction refers to a class using another class. but not 
through inheritance. A good example of construction is the 
class <Course> which includes an array of pointers to 
<Student>s. Each pointer contains the address of a particular 
student taking the course. <Course> is constructed from 
<Student>. The class de?nition ?le for <Course>. 
<course.csc>. is shown below. 

Class De?nition File: <course.c sc> 
include Qomobj.sc> 
clas: 

Course; 

SoMObject; 
data 

char eode[8]; I "‘ oouise code 
number ‘I 

char title[32]; /' course title */ 
char insimmlsz}, I‘ instructor 

teaching '/ 
int credit; 1* number of credits 

"I 
int capacity; I‘ maximum number of 

seats ‘1 
Student stmieniistlZO]; /' enrolled student 
int enrollment; /" number of 

enrolled students "I 
methods: 

override somluit; 
void setUpCourse(ehar ‘code, char *title. 

char ‘insu'uctm', im credit, int capacity); 
---setsupaneweourse. 
int addStudent(Student *stndent); 
---enrollsasn.identtsothecourse. 
void dropStudent(char "studentld); 
-- -dropsthc student?omthecourse. 
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Often classes will want to take special steps to initialize 
their instance data. An instance of <Course> must at least 
initialize the <enrollment> data element. to ensure the array 
index starts in a valid state. The method <somInit( )> is 
always called then a new object is created. This method is 
inherited from <SOMObject>. and can be overridden then 
object initialization is desired. 

This example brings up an interesting characteristic of 
inheritance. the “is-a" relationship between derived and base 
classes. Any derived class can be considered as a base class. 
We say that a derived class “is-a” base class. In the previous 
example. any <GraduateStudent> “is-a“ <Student>. and can 
be used anyplace we are expecting a <Student>. The con 
verse is not true. A base class is not a derived class. A 
<Student> can not be treated unconditionally as a <Gradu 
ateStudent>. Thus. elements of the array <studentList> can 
point to either <Student>s, a <GraduateStudent>s, or a 
<UnderGraduateStudent>s. 
The method implementation ?le for <Course>. <course. 

c>. is set forth below. 

Class Method implementation File: <COW£> 
#de?ne Coutse_Class_Source 
#include <student.h> 
#include “course.ih" 
static void somInit(Course "somSelt) 

OourseData *mm'I‘his = CouiseGetData (somSelt); 
parent_som1nit(som$elt); 
_code[0] = __title[0] = _instructor[0] = 0', 
_credit = _capacity = _enrollment = O; 

} 
static void setUpCwrsdComse 'somSelf, char 

char ‘title, char ‘instructor, int credit, 
int capacity) 
{ 
OourseData 'scmThis = OourseGetDaMsomSelt); 
“WK-code, code)". 
5lT°P}'(_ti11°, title)‘. 
strcpy(_instmctor, instrmtm); 
_credit = credit; 
_capacity = capacity; 

} 
static int nddStutienKCom'se 'somSelf, Stu¢nt 
‘studenO 

CourseData 'somThis = CourseGetDat?somSelf); 
if(_enrollment >= _capacity) return(~l); 
__studentList[_enrollmentH-] : student; 
Mum (0); 

} 
static void dropStmienKCouise *somSelf, char 
I'studeutld) 
{ e l 

mt l; 
CourseData "‘somThis = CourseGetD?zXsomSell); 
for-(i=0; igenrollment; i+t-) 

if(lstrcmp(sundmtld. 
_getStudcntId(___sturbntList[i]))) { 

_enrollmeut - - - ; 

for?; i<_enrollmem; i-H) 
_st1.ldentList[i] = _studentl..ist[i+1]; 

return; 

} 
static void printComselnfqCourse *somSelt) 
{ 

int i', 
CourseData "somThis = ComseGetDatMsomSel?; 
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-continued -continued 

printf(“ %s %s \n", _c0de, _titlc)', STUDENT LIST‘. 
printf(“lnstr|.rctor Name : %s \n", 1d : 423538 
_instructor); Name : Jane Brown 
printf(“ Credit : %d, Capacity = %d, 5 Type : Graduate 

Em'ollrmnt = %d \n\n", Thesis : Code Optimization 
_crcdit, _capacity, _enrollment); Degree : PlLD. 

print?“ STUDENT LIST: \n\n"); Id : 399542 
for(i==0; i<_enrollment; i+t-) { Name : Mark Smith 

_printStudentInfo(_studcntList[ i1); Type : UnderGr-aduate 
printf(“\n"); 10 Grad Date : 12/17/92 

Notice in particular the method <printCourseInfo( )>. 
This method goes through the array <studentList> invoking 
the method <printStudentlnfo( )> on each student. This 
method is de?ned for <Student>. and then oven'idden by 
both <GraduateStudent> and <UnderGraduateStudent>. 
Since the array element can point to any of these three 
classes. it is impossible at compile time to determine what 
the actual type of the target object is. only that the target 
object is either a <Student> or some type derived from 
<Student>. Since each of these classes de?nes a dilferent 
<printStudentlnfo( )> method. it is impossible to determine 
which of these methods will be invoked with each pass of 
the loop. This is all under the control of override resolution. 

THE SOM CLIENT 

To understand how a client might make use of these four 
classes in a program. an example is presented below in the 
?le <main.c>. The example illuminates object instantiation 
and creation in SOM. and how methods are invoked. 

SOM client code: <main.c> 
#include <student.h> 
#include <(course.h> 
#include <graduatch> 
#include <undgradh> 

1{nain() 
Course "course = CourseNewO; 
GraduatcStudent *jane = GraduateStudentNewO; 
UnderGr-aduateStudent "‘mark = 

UnderGraduateStudentNev/O; 
_setUpOom-se(course, “303", “Compilers ", 

“Dr. David Johnson", 3, l5); 
_setUpGraduateStudent(jane, “423538", “Jane 

Brown", 
“Code Optimizatim1",“Pl1.l).”); 

_setUpUnderGraduateStuienr(rnark,“399542", 
“Mark Smith", “12/17/92"); 

_addStudent(cmn'se, jane); 
_addStudent(course, mark): 
__printCourselnfo(course); 

A class is instantjared with the method <classNameNew( 
)>. which is automatically de?ned by SOM for each recog 
nized class. Methods are invoked by placing an underscore 
“13 ” in front of the method name. The ?rst parameter is the 
target object. The remaining parameters illuminate addi— 
tional information required by the method. When run, the 
client program gives the output shown below. 

Client Program Output 
303 Compilers 
structor Name : Dr. David Johnson 
Credit = 3, Capacity = 15, Enrollment = 2 
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The client program output illustrates the override resolu 
tion at work in the different styles of displaying 
<UnderGraduate>s and <GraduateStudent>s. A <Course> 
thinks of itself as containing an array of <Student>s. and 
knows that any <Student> responds to a <printStudentInfo( 
)> method. But the <printStudentInfo( )> method that an 
<UnderGraduate> responds to is different than the 
<pn'ntStudentlnfo( )> method that a <GraduateStudent> 
responds to. and the two methods give different outputs. 

SOM Object Model 

FIG. 2 is a drawing of a basic SOM data structure in 
accordance with the subject invention. Label 210 is a state 
data structure for a particular object. The ?rst full word at 
label 220 contains the address of the object’s method 
procedure table label 240. The rest of the state data structure 
set forth at label 230 contains additional information per 
taining to the object. The method procedure table set forth at 
label 240 contains the address of the class object data 
structure 245 and addresses of various methods for the 
particular object 250 and 260. The address at 245 points to 
the class object data structure 248. All objects that are of the 
same class as this object also contain an address that points 
to this method procedure table diagrammed at label 240. 
Any methods inherited by the objects will have their method 
procedure addresses at the same otfset in memory as they 
appear in the method procedure table as set forth at label 240 
of the ancestor class from which it is inherited. 

Addresses of the blocks of computer memory containing 
the series of instructions for two of the method procedures 
are set forth at labels 250 and 260. Labels 270 and 280 
represent locations in a computer memory containing the 
series of instructions of particular method procedures 
pointed to by the addresses represented by labels 250 and 
260. 

The SOM Base Classes 

Much of the SOM Object Model is implemented by three 
classes that are part of the basic SOM support. Brie?y these 
classes are: 

SOMObject-This class is the root class of all SOM 
classes. Any class must be descended from SOMOb 
ject. Because all classes are descended from SOMOb 
ject they all inherit and therefore Support the methods 
de?ned by SOMObject. The methods of SOMObject 
like the methods of any SOM class can be overridden 
by the classes descended from SOMObject 

SOMClass—This class is the root meta class for all SOM 
meta classes.Ameta class is a class whose instances are 
class objects. SOMClass provides the methods that 
allow new class objects to be created. 

SOMClassMgr-This class is used to create the single 
object in a SOM based program that manages class 
objects. 
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The three SOM base classes are de?ned below. 

SOMObject 
This is the SOM root class. all SOM classes must be 

descended from <SOMObject>. <SOMObject> has no 
instance data so there is no per-instance cost to being 
descended from it. SOMObject has the following methods: 

Method: somlnit 
Parameters: somSelf. 
Returns: void 
Description: 

Initialize <self>. As instances of <SOM0bject> do not 
have any instance data there is nothing to and you 
need not call this method. It is provided to induce consis 
tency among subclasses that require initialization. 

<som1nit>is called automatically as a side elfect of object 
creation (ie. by <somNew>). Ifthis e?ect is not desired, you 
can supply your own version of <somNew> (in a user 
written metaclass) which does not invoke <som1nit>. 
When overriding this method you should always call the 

parent class version of this method BEFORE doing your 
own initialization. 

Method: somlnit 
Parameters: somSelf 
Returns: void 
Description: 

(Un-initialize self) As instances of <SOMObject> do not 
have any instance data there is nothing to un-initialize and 
you need not call this method. It is provided to induce 
consistency among subclasses that require un-initialization. 
Use this method to clean up anything necessary such as 

dynamically allocated storage. However this method does 
not release the actual storage assigned to the object instance. 
This method is provided as a complement to <somFrec> 
which also releases the storage associated with a dynami 
cally allocated object. Usually you would just call <som 
Free> which will always call <som1nit>. However. in cases 
where <somRenew> (see the de?nition of <SOMClass>) 
was used to create an object instance, <somFrec> cannot be 
called and you must call <somUninit> explicitly. 
When overriding this method you should always call the 

parentclass version of this. method AFI'ER doing your own 
un-initialization. 

Method: somFree 
Parameters: somSelf 
Returns: void 
Description: 

Releases the storage associated with <self>, assuming that 
<self>was created by <somNew> (or another class method 
that used <somNew>). No future references should be made 
to <self>. Will call <somUninit> on <self> before releasing 
the storage. 

This method must only be called on objects created by 
<somNew> (see the de?nition of <somClass>) and never on 
objects created by <somRenew>. 

It should not be necessary to override this method. 
(Override <somUninit>instead.) 

Method: somGetClassName 
Parameters: somSelf 
Retm'ns: Zstring 
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Description: 

Returns a pointer to this object’s class’s name. as a NULL 
terminated string. It should not be necessary to override this 
method as it just invokes the class object’s method 
(<somGetName>) to get the name. 

Method: somGetClass 
Parameters: somSelf 
Returns: SOMClass * 
Description: 

Returns this object’s class object. 
Method: somGetSize 
Parameters: somSelf 
Returns: integer4 
Description: 

Returns the size of this instance in bytes. 
Method: somRespondsTo 
Parameters: somSelf, somId Mid 
Returns: int 
Description: 

Returns 1 (true) if the indicated method is supported by 
this object’s class and 0 (false) otherwise. 

Method: somIsA 
Parameters: somSelf. SOMClass *Aclassobj 
Returns: int 
Description: 

Returns 1 (true) if <self>‘s class is a descendent class of 
<Aclassobj> and 0 (false) otherwise. Note: a class object is 
considered to be descended from itself for the purposes of 
this method. 

Method: somIsInstanceOf 
Parameters: somSelf. SOMClass *Aclassobj 
Returns: int 
Description: 

Returns 1 (true) if <self> is an instance of the speci?ed 
<Ac1assObj> and 0 (false) otherwise. 

SOMObject methods that support dynamic object models. 
These methods make it easier for very dynamic domains to 
bind to the SOM object protocol boundary. These methods 
determine the appropriate method procedure and then call it 
with the arguments speci?ed. The default implementation of 
these methods provided in this class simply lookup the 
method by name and call it. However. other classes may 
choose to implement any form of lookup they wish. For 
example. one could provide an implementation of these 
methods that used the CLOS form of method resolution. For 
domains that can do so it will generally be much faster to 
invoke their methods directly rather than going through a 
dispatch method. However, all methods are reachable 
through the dispatch methods. SOM provides a small set of 
external procedures that wrap these method calls so that the 
caller need never do method resolution. 
These methods are declared to take a variable length 

argument list. but like all such methods the SOM object 
protocol boundary requires that the variable part of the 
argument list be assembled into the standard. platform 
speci?c, data structure for variable argtment lists before the 
method is actually invoked. This can be very useful in 
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domains that need to construct the argument list at runtime. 
As they can invoke methods without being able to put the 
constructed arguments in the normal form for a call. This is 
helpful because such an operation is usually impossible in 
most high level languages and platform-speci?c assembler 
language routines would have to be used. 

Note: Di?erent methods are de?ned for diiferent return 
value shapes. This avoids the memory management prob 
lems that would arise in some domains if an additional 
parameter was required to carry the return value. SOM does 
not support return values except for the four families shown 
below. Within a family (such as integer) SOM only supports 
the largest member. 

Method: somDispatchV 
Parameters: somSelf. somId methodId. somId descriptor, . . 

Returns: void 
Description: 

Does not return a value. 

Method: somDispatchL 
Parameters: somSelf, somId methodId. somId 
descriptor 
Returns: integer4 
Description: 

Returns a 4 byte quantity in the normal manner that 
integer data is returned. This 4 byte quantity can. of course, 
be something other than an integer. 

Method: somDispatchA 
Parameters: somSelf. somId methodId. somId 
descriptor 
Returns: void * 
Description: 

Returns a data structure address in the normal manner that 
such data is returned. 

Method: somDispatchD 
Parameters: somSelf. somId methodId. somId descriptor 
Returns: ?oatS 
Description: 

Returns a 8 byte quantity in the normal manner that 
?oating point data is returned. 

sOMObject methods that support development 
The methods in this group are provided to support pro 

gram development. They have been de?ned in such a way 
that most development contexts will ?nd them easy to 
exploit. However. some contexts may need to customize 
their I/O facilities. We have attempted to allow this cus 
tomization in a very portable manner. however not all 
contexts will be able to perform the customization opera 
lions directly because they require passing function param 
eters. We chose this approach because it allows great 
platform-neutral ?exibility and we felt that any provider of 
development support would ?nd it reasonable to provide the 
customizations necessary for her/his speci?c development 
environment. 
The chosen approach relies on a character output routine. 

An external variable. <SOMOutCharRoutine>. points to this 
routine. The SOM environment provides an implementation 
of this routine that should work in most development 
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18 
environments (it writes to the standard output stream). A 
development context can, however. assign a new value to 
<SOMOutCharRoutine> and thereby rede?ne the output 
process. SOM provides no special support for doing this 
assignment. 

Method: somPrintSelf 
Parameters: somSelf 
Returns: SOMAny * 
Description: 

Uses <SOMOutCharRoutine> to write a brief string with 
identifying information about this object. The default imple 
mentation just gives the object’s class name and its address 
in memory. <se1f> is returned. 

Method: somDumpSelf 
Parameters: somSelf. int level 
Returns: void 
Description: 

Uses <SOMOutCharRoutine> to write a detailed descrip 
tion of this object and its current state. <level> indicates the 
nesting level for describing compound objects it must be 
greater than or equal to zero. All lines in the description will 
be preceded by Q*level> spaces. 

This routine only actually writes the data that concerns the 
object as a whole. such as class. and uses <somDumpSelf 
Int> to describe the object’s current state. This approach 
allows readable descriptions of compound objects to be 
constructed. 

Generally it is not necessary to override this method. if it 
is overridden it generally must be completely replaced. 

Method: somDumpSelfInt 
Parameters: somSelf. Int level 
Returns: void 
Description: 

Uses <SOMOutCharRoutine> to write out the current 
state of this object. Generally this method will need to be 
overridden. When overriding it. begin by calling the parent 
class form of this method and then write out a description of 
your class's instance data. This will result in a description of 
all the object’s instance data going from its root ancestor 
class to its speci?c class. 

SOMClass 

This is the SOM metaclass. That is. the instances of this 
class are class objects. When the SOM environment is 
created one instance of this class with the external name 
<SOMClassClassData.classObject> is created. This class 
object is unique because it is its own class object. That is. 
SOMClassClassData.classObject :==_somGetClass 
(SOMClassClassData.classObject). This class introduces 
the somNew and somRenew methods that are used to create 
new instances of SOM objects. somNew applied to <SOM 
ClassClassData.classObject> produces a new class object 
which can then be initialized to become a particular new 
class. SOMClass can be subclassed just like any SOM class. 
The subclasses of SOMClass are new metaclasses and can 

generate class objects with di?erent implementations than 
those produced by <SOMClassClassData.classObject>. 

somClass is descended from SOMObject. 

SOMClass de?nes the following methods. 
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Method: somNew 
Parameters: somSelf 
Returns: SOMAny * 
Description: 

Make an instance of this class. When applied to 
<SOMClassClassData.classObject>. or any other metaclass 
object. this will produce a new class object; when applied to 
a regular class object this will produce an instance of that 
class. 

Method: somRenew 
Parameters: somSelf. SOMAny *obj 
Returns: SOMAny * 
Description: 

Make an instance of this class. but use the space pointed 
to by <obj> rather than allocating new space for the object. 
Note: no test is made to insure that <obj> points to enough 
space. <obj> is returned. but it is now a pointer to a valid. 
initialized. object. 

Method: somInitClass 
Parameters: somSelf. Zstring className. SOMAny 
*parentClass. integer4 instanceSize. int 
maxStaticMethods. integer4 majorVersion. integer4 
minorVersion 

Returns: void 
Description: 

Initialize <self>. 
<parentClass> is the parent (or parent class) of this class. 

it may be NULL in which case it defaults to SOMObject 
(actually SOMObjectClassData.class0bject the class object 
for SOMObject). If a parent class is speci?ed then it must 
have already been created as a pointer to its class object is 
required. 

<instanceSize> should be Just the space needed for this 
class. it is not necessary to consider the parent class’s (if 
any) space requirements. 

<maxStaticMethods> should be just the static methods 
de?ned by this classy it is not necessary to consider the 
parent class‘s methods (if any). even if they are overridden 
in this class. 

<majorVersion> indicates the major version number for 
this implementation of the class de?nition, and <minorVer 
sion> indicates the minor version number. 

Method: somClassReady 
Parameters: somSelf 
Returns: void 
Description: 

This method is invoked when all of the static initialization 
for the class has been ?nished. The default implementation 
simply registers the newly constructed class with the SOM 
ClassMgr. Metaclasses may override this method to aug 
ment the class construction sequence in any way that they 
wish. 

Method: somGetName 
Parameters: somSelf 
Returns: Zstring 
Description: 

Returns this object’s class name as a NULL terminated 
string. 
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Method: somGetParent 
Parameters: somSelf 
Returns: SOMClass * 
Description: 

Returns the parent class of self if one exists and NULL 
otherwise. 

Method: somGetClassData 
Parameters: somSelf 
Returns: somClassDataStructure * 
Description: 

Returns a pointer to the static <className>ClassData 
structure. 

Method: somSetClassData 
Parameters: somSelf. somClassDataStIucture *cds 
Returns: void 
Description: 

Sets the class’ pointer to the static <clas sName>ClassData 
Structure. 

Method: somDescendedFrom 
Parameters: somSelf. SOMClass *Aclassobj 
Returns: int 
Description: 

Returns 1 (true) if <self> is a descendent class of <Aclas 
sobj> and 0 (false) otherwise. Note: a class object is con 
sidered to be descended itself for the purposes of this 
method. 

Method: somCheckVersion 
Parameters: somSelf, integer4 majorVersion. 
integer4 minorVersion 
Returns: 
Description: 

Returns 1 (true) if the implementation of this class is 
compatible with the speci?ed major and minor version 
number and false (0) otherwise. An implementation is com 
patible with the speci?ed version numbers if it has the same 
major version number and a minor version number that is 
equal to or greater than <minorVersion>. The major, minor, 
version number pair (0.0) is considered to match any ver 
sion. This method is usually called immediately after cre 
ating the class object to verify that a dynamically-loaded 
class de?nition is compatible with a using application. 

Method: somFindMethod 
Parameters: somSelf. somld methodld. 
somMethodProc **m 
Returns: int 
Description: 

Finds the method procedure associated with <methodId> 
for this class and sets <m> to it. (true) is returned when the 
method procedure is directly callable and 0 (false) is 
returned when the method procedure is a dispatch function. 

If the class does not support the speci?ed method then 
<m> is set to NULL and the return value is meaningless. 

Returning a dispatch function does not guarantee that a 
class supports the speci?ed method; the dispatch may fail. 
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Method: somFindMethodOk 
Parameters: somSelf. somld methodId. 
somMethodProc **m 
Returns: int 
Description: 

Just like <somFindMethod> except that if the method is 
not supported then an error is raised and execution is halted. 
Method: somFindSMethod 
Parameters: somSelf. somId methodld 
Returns: somMethodProc * 
Description: 

Finds the indicated method. which must be a static 
method de?ned for this class. and returns a pointed to its 
method procedure. If the method is not de?ned (as a static 
method or at all) for this class then a NULL pointer is 
returned. 
Method: somFindSMethodOk 
Parameters: somSelf. somId methodId 
Returns: somMethodProc * 
Description: 

Just like <somFindSMethod> except that an error is raised 
if the method is not de?ned for this class. 

Method: somSupportsMethod 
Parameters: somSelf. somId Mid 
Returns: int 
Description: 

Returns 1 (true) if the indicated method is supported by 
this class and 0 (false) otherwise. 

Method: somGetNumMethods 
Parameters: somSelf 
Returns: int 
Description: 

Returns the number of methods currently supported-by 
this class. including inherited methods (both static and 
dynamic). 

Method: somGetInstanceSize 
Parameters: somSelf 
Returns: integer4 
Descrirtion: 

Returns the total size of an instance of <self>. All 
instances of <self> have the same size. 

Method: somGetInstanceO?set 
Parameters: somSelf 
Returns: integer4 
Description: 

Return the oifset in the body part of this object for the 
instance data belonging to this class. 

Method: someGetInstancePartSize 
Parameters: somSelf 
Returns: integer4 
Description: 

Returns the size in bytes of the instance data required for 
this class. This does not include the instance data space 
required for this class’ ancestor or deseendent classes. 
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Method: somGetNumStaticMethods 
Parameters: somSelf 
Returns: int 
Description: 

Returns the number of static methods that this class has. 
This is used by a child class in initializing its method table. 

Method: somGetPClsMtab 
Parameters: somSelf 
Returns: somMethodI‘ab * 
Description: 

Returns a pointer to the method table of this class’s parent 
class. If this class is a root class (SOMObject) then NULL 
is returned. 

Method: somGetClassMtab 
Parameters: somSelf 
Returns: somMethodl'ab * 
Description: 

Returns a pointer to the method table of this class. 
Method: somAddStaticMethod 
Parameters: somSelf. somId methodld somId 
methodDescriptor. somMethodProc *method. 
somMethodProc *redispatchStub, somMethodProc 
*applyStub 
Returns: sornMOffset 
Description: 

Adds/overrides the indicated method. returns the value 
that should be used to set the olfset value in the class data 
structure for this method name. 

<methodDescriptor> is a somId for a string describing the 
calling sequence to this method as described In <somcGet 
NthMethodInfo> de?ned in the SOMObject class de?nition. 

<method> is the actual method procedure for this method 
<redispatchStub> is a procedure with the same calling 

sequence as <method> that re-dispatches the method to one 
of this class’s dispatch functions. 

<applyStub>is a procedure that takes a 
standard variable argument list data structure applies it to its 
target object by calling <method> with arguments derived 
from the data structure. Its calling sequence is the same as 
the calling sequence of the dispatch methods de?ned in 
SOMObject. This stub is used in the support of the dispatch 
methods used in some classes. In classes where the dispatch 
functions do not need such a function this parameter may be 
null. 

Method: somOverrideSMethod 
Parameters: somSelf, somld methodId, 
somMethodProc *method 
Returns: void 
Description: 

This method can be used instead of <somAddStatic 
Method> or <somAddDynamicMethod> when it is known 
that the class’ parent class already supports this method. 
This call does not require the method descriptor and stub 
methods that the others do. 

Method: somGetMethodOffset 
Parameters: somSelf. somId methodId 
















